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INTRODUCTION
In addition to the continued popularity of cats as pets all over the world, there has been a considerable increase in the cat population in Turkey in recent years. Depending upon that, clinical approaches for cat medicine have gained importance. There has also been a steady increase in veterinary use of modern radio-diagnostic techniques such as computed tomography (CT), ultrasound (US) and magnetic resonance imaging (MRI) in last decade. CT is an imaging technique based on x-ray technology (Estai & Bunt, 2016) . Although CT has been used in human medicine since the early 1970s, it has taken place in veterinary medicine only towards the end of the 1990s (Brenner & Hall, 2007) . Most of the anatomical or pathological structures in the body cavities can be easily identified with this method (Labruyere & Schwarz, 2013) . The main diseases of the feline thoracic cavity that veterinarians encounter can be mostly diagnosed by CT technique. There have been many studies focused on the diagnosis of thoracic diseases of cats (Henninger, 2003; Ohlerth & Scharf, 2007; Rose et al., 2017) . However, in order to detect the thoracic pathological alterations accurately in CT, the healthy macro-anatomical structure of this body region to be imaged should be well known (Samii et al., 1998) . Starting from this point of view, previous studies indicating cross sectional anatomical structures and CT images of thoracic cavity of cats were evaluated in detailed manner (Samii et al.; Shojaei et al., 2003) . Scientists frequently refer to the plastination method, which has a unique place among the methods of preparing and preserving anatomical specimens (Kumro et al., 2013; von Hagens et al., 1987) . Plastination is an anatomical technique to preserve biological specimens for various purposes (Riederer, 2014) . This technique was first introduced by Professor Gunther von Hagens at the University of Heidelberg in Germany (Polgar et al., 2003) . Silicone plastination is characterized embeeding of silicone polymer instead of tissue fluids in the specimens (DeJong & Henry, 2007) .
For many years trainers have aimed to improve teaching methods by using electronic applications in medical curriculum. Especially medical trainers in the field of human anatomy have turned to 3D computer models as an alternative educational tool (Chang et al., 2016; Estai & Bunt) . 3D Ankara University, Faculty of Veterinary Medicine, Department of Anatomy, Ankara, Turkey. models help the students to understand the complex topographic and functional relationships simply and accurately (Brazina et al., 2014) . This reconstructed anatomical models is expected to be efficient for veterinary education as well as human medicine (Böttcher & Maierl, 1999) . Moreover, 3D reconstructed models or digital images can be convenient for pre-operative surgical plannings and simulations (Kim et al., 2012) . In general, CT and MR imaging techniques produce a series of 2D images. These images are digitally stored in the international standard Digital Imaging and Communications in Medicine (DICOM) file format and can be run with different medical systems at any extra cost for data conversion. 3D models can be produced with spesified softwares through the reconstruction of DICOM files obtained by various imaging techniques. These improved softwares allow the anatomical structure of the examined region to be clearly demonstrated, measured or highlighted (Özkadif, 2015) .
In this study, it was aimed to determine the healthy anatomical structures in thoracic cavity of the cat by CT imaging method and then compare the images with the corresponding plastinated cross sections of the same individuals. It was also aimed to obtain 3D reconstructed models of certain thoracic anatomical structures using CT images.
MATERIAL AND METHOD
Three adult domestic cats, died from various causes that didn't affect the thoracic organs, were imaged and then plastinated in this study. This study was confirmed by Ankara University Animal Experiments Local Ethics Committee (Decision no: 2017-13-109). CT imaging was performed with a single detector spiral CT scanner device (General Electric, GE Medical Systems, Milwaukee, WI brand, 2119734-2 model) in which the cats were placed in prone position (Fig. 1a) . CT scanning was performed in 1 mm thickness from cranial to caudal direction, between the entrance and exit of thoracic cavity. Technical CT imaging parameters were as follows: 120 kV, 190 mA, slice increment of 0.5 mm, window setting (for bony tissue; WW: 1000 HU, WL: 400 HU / for soft tissue; WW: 1400 HU, WL: -500 HU) and matrix size of 512 X 512.
Two dimensional DICOM files were uploaded to 3D Slicer Software (3D slicer, 4.7.0 version, GitHub, San Francisco) for 3D reconstruction. In 3D modeling, segmentation and volume rendering were performed from transversal, frontal and sagittal CT sections. After the CT imaging and 3D reconstruction were completed, silicone plastination method was carried out for thoracic cavity of same individulas. In silicone plastination; 4 % formalin fixation, dehydration (Fig.  1b) , defatting, forced impregnation ( Fig. 1c, d ) and gas curing (Fig. 1e, g ) stages were performed, respectively. Pure (99.5 %) acetone (BirpaKimya, Ankara / Turkey) was used during the dehydration stage. Three consecutive acetone baths were carried out in series at -25 °C. After the dehydration process Fig. 1 . CT imaging and silicone plastination stages of cats; A position of the cat on the CT device, B dehydration stage, C-D forced impgregnation stage, E gas curing stage, F slicing of sample with an electric bandsaw, G re-hardening of sections was completed, cold temperature forced impregnation was carried out at -25 °C and under a negative pressure. Basically S10B silicone polymer (Biodur Products, Heidelberg / Germany) and S3 catalyst material (Biodur Products, Heidelberg / Germany) were used for impregnation. After the forced impregnation step was completed, the silicone polymer drawn into the samples was allowed to cure using S6 chemistry (Biodur Products, Heidelberg / Germany). Afterwards, plastinated specimens were cut into 1 cm thick transversal slices with an electric bandsaw (Electric Band Saw, Mutas¸, Turkey) (Fig. 1f) . Transversal cross-sections of the thoracic cavity consonant to CT images were identified and photographed. CT and plastinated images were compared to each other and anatomical structures were indicated.
RESULTS
Beside the bony structures, other organs such as esophagus, trachea, heart with related vessels, lungs and thoracic muscles were well defined in CT images and in plastinated sections either. It was seen that transversal sections of plastinated specimens were in accordance with the CT images in same levels (Fig. 2, 3, 4) . The shrinkage effect was very limited in bony structures and therefore no prominent alterations were detected in outer thoracic cavity dimensions of plastinates. However, a considerable shrinkage was noticed in the cardiac muscles and lungs. In 3D reconstruction stage, whole bony structures of thoracic cavity, heart with some related vessels, esophagus, lungs, trachea were easily modeled (Fig. 5, 6 ). 
DISCUSSION
It has been stated that the anatomic specimens prepared by plastination method are elastic, durable, odorless and non-hazardous (Kumro et al.) . The cross-sectional plastinates obtained in our study were also extremely durable and harmless to human health. It has been indicated that one of the greatest advantages of plastination method is to cause minimal alterations in the topography of the body structures to be examined and therefore it could be compared with images that are obtained by medical imaging methods such as MRI and CT (Latorre & Rodríguez, 2007) . In this study, it was determined that there was no topographic changes in the anatomical structures of the plastinated thoracic cavities and that the cross-sectional plastinated specimens were highly compatible with CT images. It has been reported in a previous study that dehydration, which is an important step of the plastination process, is usually carried out at -25 °C, so that the displacement of the tissue fluids and acetone can be balanced and uniform so that the tissue shrinkage can remain at a minimum level (Brown et al., 2002) . In present study, the dehydration phase was carried out with 3 consecutive acetone baths at -25 °C to prevent excessive tissue shrinkage. It has been pointed out that in cold temperature silicone plastination, the S10 silicone polymer is mainly used with S3 catalyst material which activates this polymer (Sagoo & Adds, 2013) . In our study, it was expected to further protect the natural color of anatomical structures by using S10B pigmented silicone polymer which instead of S10 polymer.
A good interpretation of CT images leads to a more accurate diagnosis and an optimal treatment option for diseases as is known. CT images are usually formed in the transversal planes from the body region. However, it has been stated that, transversal images can be rearranged in sagittal or frontal planes by using certain software programs (Labruyere & Schwarz) . In this study, transversal CT images of the thoracic cavity were also evaluated in sagittal and frontal planes using 3D Slicer software. Thus, anatomical structures could be identified more easily and accurately. If the previous studies are reviewed, it can be noticed that CT imaging studies related to diagnosis of any disease of the thoracic cavities of cats (Henninger; Ohlerth & Scharf; Rose et al.) as well as CT images of healthy anatomical structures and cross sectional cadaver images were evaluated together (Samii et al.; Shojaei et al.) . The significant point that distinguishes our research from previous studies is the use of plastinated cross-sectional samples, unlike the use of frozen cadaver sections. Thus, the secondary aim for us was to use this specified plastinates for anatomy, radiology and also surgical trainings without deteriorating for many years.
It has been indicated that plastinated sections gave higher resolution than frozen cadaver sections, making it easier to compare them to CT images (Donoso et al., 2009) . However, in our study, it was found that obtaining plastination sections was quite costly compared to preparation of frozen cadaver sections. CT and cross-sectional plastinated images of thoracic organs of dogs were compared in previous study (Polgar et al.) . In that study, after the thoracic cavity of the dogs were separated into slices of 4 mm thickness, each slice was plastinated with Epoxy Resin Biodur E12 sheet plastination method. In our study, cold environment silicone plastination method was used and the compatibility of the cross-sectional plastinates with CT images was investigated. For our further studies, it is aimed to apply Epoxy Resin E12 sheet plastination technique to the thoracic organs of cats considering the related literature (Zöggeler et al., 2002; Polgar et al.; Ottone et al., 2016) .
It has been reported that 3D anatomical models are very useful for students in anatomy trainings (Brazina et al.) . The benefits and advantages of using this kind of models in anatomy trainings have been revealed (Murgitroyd et al., 2015) . It has been stated that 3D models, which are widely used in human medicine education, will be useful in veterinary medicine (Böttcher & Maierl) . It is thought that the anatomic 3D reconstructed models obtained in this study can be used effectively in veterinary surgery as well as veterinary anatomy trainings. It is possible to reconstruct 3D models using various softwares. 3D modeling mechanisms have been explained with various imaging softwares (Brazina et al.) . 3D Slicer software used in our work can visualize directly from DICOM data with the facility of using discrete image using thresholding methods. In addition, this software can be downloaded without paying any fee, which greatly reduces the cost of research.
The data obtained in the study are thought to be beneficial in veterinary anatomy as well as veterinary surgery and radiology fields. It was also anticipated that this study can provide a modern approach to the field of anatomy, as well as shed light on the scientists who will research on the thoracic cavity of the cats. RESUMEN: El objetivo de este trabajo consistió en determinar las estructuras anatómicas en la cavidad torácica mediante tomografía computarizada (TC) y comparar las imágenes transversales en las mismas muestras, que fueron plastinadas después de la TC. También se pretendía obtener reconstrucciones tridimensionales (3D) de estructuras anatómicas torácicas. Se tomaron imágenes de los órganos torácicos de 3 gatos adultos por TC y luego se plastinaron en este estudio. Las muestras se plastinaron en la misma posición corporal en el proceso de obtención de imágenes TC. Las imágenes de TC y las secciones transversales plastinadas correspondientes se compararon entre sí. Las estructuras anatómicas de la cavidad torácica en los preparados plastinados estaban de acuerdo con las imágenes de CT. Además de las estructuras óseas, otros órganos como el esófago, la tráquea, el corazón con vasos relacionados, los pulmones y los músculos torácicos estaban bien definidos en las imágenes de TC y los plastinados. Por otra parte, se captaron bien las imágenes reconstruidas en 3D de las estructuras anatómicas de la cavidad torácica. Pensamos que este estudio es beneficioso para la cirugía veterinaria y los campos de radiología, así como también para la educación de anatomía veterinaria.
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